Topologically protected surface modes of classical waves hold the promise to enable a variety of applications ranging from robust transport of energy to reliable information processing networks. The integer quantum Hall effect has delivered on that promise in the electronic realm through high-precision metrology devices.
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The discovery of topological insulators (TIs), featuring a bulk gap and gapless boundary states, opened new avenues for condensed-matter physics [1, 2] . In two spatial dimensions TIs come in two different classes, either described by a Z or Z2 topological index. The first [3] [4] [5] break time reversal symmetry (TRS) and are commonly called Chern insulators (CIs). They host an (anomalous) integer quantum Hall effect and their surfaces are characterized by chiral, i.e., unidirectional, surface states. The latter Z2 insulators [6] [7] [8] , such as the quantum spin Hall effect, are characterized by a pair of gapless helical boundary states. In the presence of spin conservation, the Z2 insulators can equivalently be described by spin-Chern numbers, where the spin sectors might carry an opposite but non-zero Chern number [9] . In fact, spin-Chern numbers are well defined even in the absence of spin conservation or for time reversal symmetry broken systems [9] [10] [11] . The spin-Chern numbers have been employed to identify TRS-broken spin-1/2 electronic TIs and pseudospin TIs, giving rise to the concept of spin-Chern insulators (SCIs) [10] [11] [12] [13] [14] [15] [16] [17] . The SCIs feature helical boundary states, but whether gapless or not, depends on the system symmetry and micro-structure of the sample boundary [17] .
Recently, intense efforts have been devoted to realizing classical analogs of TIs for electromagnetic, mechanical and acoustic waves [18] [19] [20] [21] . Photonic CIs have been realized in magneto-optic systems [20] [21] [22] [23] , mechanical CIs have been proposed in gyroscopic metamaterials [24, 25] , acoustic CIs, finally, have been achieved in systems with circulating fluid [26] [27] [28] [29] [30] . However, the usage of moving media for acoustics makes these ideas difficult to implement. In the domain of Z2 insulators, Hafezi et al. obtained a photonic SCI and observed the helical boundary states in a silicon photonic crystal.
The pseudospin-orbit coupling in this system was introduced by the differential optical paths based on ring resonators [31, 32] . In Ref. [33] a mechanical SCI was realized by creating a pseudospin-dependent gauge flux. Both Refs. [32] and [33] rely on the presence of couplings of opposite signs in the equations describing the system dynamics.
Such couplings are not natural for low frequency acoustic systems. Nevertheless, helical edge states have been observed also in the acoustic domain. In all these realizations, the topological states have been reported at domain walls along material 3 interfaces [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . This stems from the fact that the pseudospin degrees of freedom in these systems have been realized based on crystalline symmetries that need to be preserved, in particular, at the location of the expected modes. Moreover, the pseudospin is conserved in the aforementioned systems [31] [32] [33] [44] [45] [46] . This means that these SCIs can actually be viewed as two independent CIs and the topological properties can be described by Chern numbers. When the pseudospin conservation is destroyed, the description in terms of Chern numbers is no longer valid. One then needs to rely on the spin-Chern number to characterize the SCI phases. However, this general case has not yet been explored experimentally.
In this work, we realize an acoustic spin-Chern insulator (ASCI) in a bilayer phononic crystal (PC). By introducing a layer pseudospin degree of freedom, the interlayer coupling induces a synthetic spin-orbit interaction and breaks the pseudospin conservation. Below, we introduce a tight-binding model on a bilayer Lieb lattice hosting the physics of an ASCI. We then map this discrete model to a PC and demonstrate the helical properties, i.e., spin-momentum locking, of the robust boundary states in the ASCI. In addition, we present a switch of helical boundary states in an Hshaped device that holds promise for technological applications.
To illustrate how to realize an ASCI, we construct a tight-binding model on a bilayer Lieb lattice with a unit cell containing three sites in each layer, denoted A (red sphere), B (green sphere), and C (blue sphere) in Fig. 1a . The Hamiltonian is
where † is the creation operator of layer pseudospin on site . The first term The topological properties of this system can be captured by a spin-Chern number.
One can introduce a pseudospin = ⊗ 3 , where the Pauli matrices act on the layer degree of freedom. While none of the components of is conserved, one can use the projection of, say into pairs of bands below the gap to split them. These split bands lead to well-defined fiber bundles which may carry a non-zero Chern number: the spin-Chern number. These spin-Chern numbers are a tool well tailored to classical systems, as they neither require any symmetry nor the presence of a fermionic time reversal operator. However, it is important to note, that one relies not only on a spectral gap, but also on the spin-projection gap that allows for the splitting of the bands.
Moreover, the details of the edge physics has to be inspected independently of the bulk, as there might be a spin-gap closing induced by the surface termination [10, 11] , see Supplementary Material II for details.
For illustrations, we focus on the topological properties of the lower gap. Figure   1c shows the spin-Chern number of the lower two bands as a function of We now consider a PC implementation of the SCI for acoustic waves. As shown in Fig. 2a , the PC sample, fabricated by 3D printing, consists of a bilayer structure with interlayer connections realized by chiral tubes. Each layer of the unit cell contains three nonequivalent cavities connected by intralayer tubes (Fig. 2b ). Mapping the PC to a tight-binding model, the cavities can be regarded as lattice sites, while the tubes provide hopping terms. The square unit cell has in-plane length = 20 mm and height ℎ = In the electronic system, a switch effect of the topological boundary states by means of a quantum point contact has been predicted [47] . Here, we experimentally realize such a novel transport phenomenon for the ASCI boundary waves. Figure 5a (top panel) shows a schematic of the H-shaped structure of the ASCI, where the width of the left and right ribbons is = 20 , and the length of the middle ribbon ("bridge") is m = 13 . Due to the spin-momentum locking, the boundary waves excited from channel 1 can only propagate to terminals 2 and 3, while they cannot be detected at terminal 4 (see Fig. 5a ). In the middle panel of Fig. 5a , we show the lowest (highest) 
